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(57) This method for film formation has a first step 
of forming a first insulation film, the essential component 
of which is a material having a first dielectric constant, 
on the surface of a semiconductor substrate and a sec- 
ond step of forming a second insulation filra the essen- 
tial component of which is a material having a second 
dielectric constant larger than the first dielectric con- 



stant, on the first insulation film to be thicker than this 
first insulation film. Since the process of forming a film 
of a high dielectric constant material that constitutes the 
second insulation film is executed successively follow- 
ing the formation of a barrier layer that is the first insu- 
lation film, it is possible to form a gate of a high dielectric 
constant material stable to the substrate. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a method for 
film formation of a gate Insulator for forming a gate of 
FET an apparatus for film formation of a gate insulator 
for forming a gate of FET, and a cluster tool having such 
an apparatus, and more particularly to a method for film 
formation of a gate insulator, an apparatus for film for- 
mation of a gate insulator, and a cluster tool having such 
an apparatus, the gate insulator is suitable for high- 
speed operation and power consumption reduction. 

BACKGROUND ART 

[0002] Microfabrication technology has become pro- 
gressed for high-density design in manufacturing proc- 
ess of MOS transistor integrated devices. One of the 
merits of high-density design is increase in operation 
speed, and as for gate insulation films of transistors, the 
thickness thereof needs to be reduced. However, the 
thickness reduction of the gate insulation films tends to 
be disadvantageous in terms of power consumption due 
to increase in leak current. 

[0003] Si0 2 has been in general use for the gate in- 
sulation films, but thickness reduction of Si0 2 is reach- 
ing the limit in view of the leak current in the microfab- 
rication process in recent years. Such being the case, 
a high dielectric constant material satisfying the speci- 
fications such as a thicker film thickness with an equiv- 
alent high speed is coming into the spotlight. 
[0004] The high dielectric constant material needs to 
have compatibility with Si which is a substrate. For ex- 
ample, when oxygen atoms constituting the high dielec- 
tric constant material are easily taken into the substrate 
Si, a transition phase occurs between (on the interface 
of) a film made of the high dielectric material and the 
substrate Si to cause deterioration in film quality. 

DISCLOSURE OF THE INVENTION 

[0005] The present invention is made in consideration 
of the above circumstances, and its object is to provide 
a method for film formation of a gate insulator and an 
apparatus for film formation of a gate insulator which en- 
able formation of a gate of a high dielectric constant ma- 
terial by executing formation of a barrier layer as a pre- 
process, and to provide a cluster tool having such an 
apparatus. 

[0006] In order to solve the above object, a method 
for film formation of a gate insulator according to an as- 
pect of the present invention has: a first step of forming 
a first insulation film, an essential component of which 
is a material having a first dielectric constant, on a sur- 
face of a semiconductor substrate and a second step of 
forming a second insulation film, an essential compo- 
nent of which is a material having a second dielectric 



constant larger than the first dielectric constant, on the 
formed first insulation film to be thicker than this first in- 
sulation film. 

[0007] The formation of the first insulation film, which 

5 is positioned between a semiconductor substrate and 
the high dielectric constant second insulation film, is per- 
formed separately from the formation of the second in- 
sulation film. The high dielectric constant second insu- 
lation film is formed on this very thin first insulation film 

10 which is separately formed. 

[0008] Therefore, since the process of forming the film 
of a high dielectric constant material is carried out suc- 
cessively, following a pre-process that is the formation 
of a barrier layer, it is possible to form a gate of a high 

15 dielectric material stable to the substrate. Here, the first 
step and the second step may be carried out in the same 
processing chamber. The execution of the two steps in 
the same processing chamber can reduce the burden 
required for manufacturing. 

20 [0009] The essential component of the first insulation 
film can be. for example, any one of Si0 2 , SiON, and 
Si 3 N 4 . It constitutes the barrier layer. 
[0010] The essential component of the second insu- 
lation film can be, for example, any one of ZrSiOx, Zr0 2 , 

25 HfSiOx, Hf0 2 , Ta 2 0 5 , Al 2 0 3 , Ti0 2 , ZrTi0 4 , BST((Br,Sr) 
Ti0 3 ), STO(SrTi0 3 ), La 2 0 3 , and La 2 Si0 5 . It constitutes 
the high dielectric constant film. 
[001 1 ] The first step can be carried out, for example, 
in an atmosphere containing oxygen radical. On the sur- 

30 face of the semiconductor substrate, a film of an oxide 
thereof is formed by the oxygen radical. When the sem- 
iconductor substrate is SL an Si0 2 film is formed. 
[0012] As a preferred example, the oxygen radical 
can be generated by irradiation of an ultraviolet ray on 

35 an oxygen gas. 

[001 3] As another preferred example, the oxygen rad- 
ical can be generated by supply of radio-frequency elec- 
trical energy to an oxygen gas. 
[0014] Further, for example, the first step includes 

40 forming an Si0 2 film and modifying the formed Si0 2 film 
to an oxy nitride film. This enables the formation of the 
SiON film as the first insulation film. 
[001 5] In the first step, for example, setting an atmos- 
phere of the processing chamber so as to contain a 

45 source gas and setting the atmosphere of the process- 
ing chamber so as to contain an oxidizer can be alter- 
nately repeated. 

[0016] Here, the source gas can be, for example, any 
one of SiCI 4 , SiH 2 CI 2 , and TEOS (tetraetoxysilicon), and 

so the oxidizer can be, for example, any one of H 2 0, 
H 2 +0 2; H 2 0 2 , 0 2; 0 3 , NO, N 2 0, and N0 2 . 
[0017] Moreover, during a period in which setting the 
atmosphere of the processing chamber so as to contain 
the source gas and setting the atmosphere of the 

55 processing chamber so as to contain the oxidizer are 
alternately repeated, removing residuals in the film by 
setting the atmosphere of the processing chamber so 
as to contain an oxygen radical may be added once or 
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more times. Such removal of the residuals can improve 
properties of the formed first insulation film. 
[001 8] Further, the first step can be carried out, for ex- 
ample, by introducing an oxidizing gas or a source gas 
into the processing chamber. 

[0019] Here, the oxidizing gas or the source gas can 
be, for example, any one or more of 0 2 , 0 3 , H 2 0, 
(H 2 +0 2 ), H 2 0 2s NO, N 2 0, N0 2 , SiH 4 , SiH 2 CI 2 , SiCI 4 , 
TEOS, (SiH 2 CI 2 +NH 3 ) s and (SiCI 4 + IMH 3 ). 
[0020] Moreover, in the second step, setting an at- 
mosphere of the processing chamber so as to contain 
a source gas and setting the atmosphere of the process- 
ing chamber so as to contain an oxidizer are repeated 
in a predetermined order. 

[0021] Here, the source gas in the second step can 
have as composition thereof, for example, any one or 
more of Zr, Si, Hf, Ta, Al ; Ti, and La. 
[0022] The source gas in the second step can be, for 
example, any one or more of Zr(OC(CH) 3 ) 4 , SiCI 4 , 
SiH 2 CI 2 , SiCI 4 , TEOS, AI(CH 3 ) 3 , and Hf(N(C 2 H 5 ) 2 ) 4 , 
and the oxidizer can be, for example, any one of H 2 0, 
(H 2 +0 2 ), H 2 0 2 , 0 2 , 0 3 , NO, N 2 0 : and N0 2 . 
[0023] The aforesaid predetermined order can be 
such that, for example, two kinds of the source gases 
are prepared and they are alternately introduced to the 
processing chamber. For example : one of the gasses 
can be Zr(0C(CH) 3 ) 4 and the other one TEOS. H 2 0 can 
be given as an example of an oxidizer in this case. With 
such combination, a ZrSiOx film having a high dielectric 
constant can be formed as the second film. 
[0024] Moreover, during a period in which setting the 
atmosphere of the processing chamber so as to contain 
the source gas and setting the atmosphere of the 
processing chamber so as to contain the oxidizer are 
repeated in the predetermined order, the second step 
may additionally include removing residuals in the film 
by setting the atmosphere of the processing chamber 
so as to contain an oxygen radical once or more times. 
Such removal of the residuals can improve properties 
of the formed second insulation film. 
[0025] Further the second step can be carried out by 
introducing a source gas into the processing chamber. 
[0026] Here, the source gas in the second step can 
be, for example, any one of Ta(0-Et) 5 , Zr(OC(CH) 3 ) 4 , 
Ba(dpm) 2 , and Sr(dpm) 2 , Ti(0-i-Pr) 2 (dpm) 2 . Here : dpm, 
which is one of ligands of a metal complex, is dipivaloyl- 
methanate. (O-i-Pr) is iso-propoxy which is one of the 
ligands. 

[0027] An apparatus for film formation of a gate insu- 
lator according to an aspect of the present invention has: 
a case wall in which a processing chamber is formed; a 
susceptor provided in the processing chamber inside 
the case wall, in which a semiconductor substrate car- 
ried into the case wall is to be placed; a heater provided 
in the susceptor, which heats the placed semiconductor 
substrate; a pressure-reducing mechanism which re- 
duces a pressure of an atmosphere of the processing 
chamber inside the case wall; at least one oxygen rad- 



ical generating mechanism connected to the case wall, 
which supplies an oxygen radical into the processing 
chamber inside the case wall; a source gas introducing 
mechanism connected to the case wall, which supplies 

5 a source gas into the processing chamber inside the 
case wall; and an oxidizing gas introducing mechanism 
connected to the case wall, which supplies an oxidizing 
gas into the processing chamber inside the case wall. 
[0028] The oxygen radical generating mechanism 

to among these components is necessary for satisfying the 
requirement described in claim 5. This enables the for- 
mation of the first insulation film. The source gas intro- 
ducing mechanism and the oxidizing gas introducing 
mechanism are necessary for satisfying the require- 

15 ment described in claim 14, They enable the formation 
of the second insulation film. Therefore, according to 
this apparatus, since the process of forming a film of a 
high dielectric material can be carried out successively, 
following the formation of a barrier film as a pre-process, 

20 the formation of a gate made of a high dielectric material 
is possible with low burden. 

[0029] An apparatus for film formation of a gate insu- 
lator according to another aspect of the present inven- 
tion has: a case wall in which a processing chamber is 

25 formed; a susceptor provided in the processing cham- 
ber inside the case wall, in which a semiconductor sub- 
strate carried into the case wall is to be placed; a heater 
provided in the susceptor, which heats the placed sem- 
iconductor substrate; a pressure-reducing mechanism 

30 which reduces a pressure of an atmosphere of the 
processing chamber inside the case wall: an oxygen gas 
introducing mechanism connected to the case wall, 
which supplies an oxygen gas into the processing cham- 
ber inside the case wall; at least one ultraviolet irradiat- 
es ing mechanism connected to the case wall, which turns 
the introduced oxygen gas into an oxygen radical; a 
source gas introducing mechanism connected to the 
case wall, which supplies a source gas into the process- 
ing chamber inside the case wall: and an oxidizing gas 

to introducing mechanism connected to the case wall, 
which supplies an oxidizing gas into the processing 
chamber inside the case wall. 
[0030] The oxygen gas introducing mechanism and 
the ultraviolet irradiating mechanism among these com- 

45 ponents are necessary for satisfying the requirement 
described in claim 6. They enable the formation of the 
first insulation film. The source gas introducing mecha- 
nism and the oxidizing gas introducing mechanism are 
necessary for satisfying the requirement described in 

50 claim 1 4. They enable the formation of the second insu- 
lation film. Therefore, according to this apparatus, since 
the process of forming a film of a high dielectric material 
can be carried out successively, following the formation 
of a barrier film as a pre-process, the formation of a gate 

55 of a high dielectric material is possible with low burden. 
[0031] Here, as a preferred example, the apparatus 
may further have an oxygen radical generating mecha- 
nism connected to the case wall, which supplies an ox- 
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ygen radical to the processing chamber inside the case 
wait. This enables removal of residuals in the formed 
film with the intention of improving the properties of the 
formed second film. 

[0032] As another preferred example, the ultraviolet 
irradiating mechanism may be so structured as to have 
an ultraviolet lamp; a window member which separates 
the processing chamber inside the case wall and a 
space where the ultraviolet lamp exists and which trans- 
mits an ultraviolet ray emitted by the ultraviolet lamp; 
and a shutter provided on a side opposite the ultraviolet 
lamp across the window member, which is capable of 
airtightly separating the window member and the 
processing chamber from each other. With this struc- 
ture, since the shutter can be closed when the second 
insulation film is formed, the deposition of the second 
insulation film on the window member can be easily pre- 
vented to improve maintenance easiness of the appa- 
ratus. 

[0033] As still another preferred example, the appa- 
ratus may further have a susceptor rotating mechanism 
which rotates the susceptor on which the semiconductor 
substrate is placed. This structure can improve uniform- 
ity of the surface on which the first insulation film is 
formed. 

[0034] When the apparatus for film formation of the 
gate insulator according to the aspects of the present 
invention described above is provided as a part of a clus- 
ter tool, the process of forming a film of a high dielectric 
material can be successively carried out, following the 
formation of a barrier film as a pre-process, which 
makes it possible to realize a cluster tool capable of 
forming a gate of a high dielectric material with low bur- 
den. 

BRIEF DESCRIPTION OF DRAWINGS 
[0035] 

FIG. 1 is a block diagram schematically showing an 
apparatus for film formation of a gate insulator ac- 
cording to an embodiment of the present invention. 
FIG. 2A and FIG. 2B are views explaining in more 
detail the structure of a shutter 23 of ultraviolet irra- 
diating mechanisms 1 9, 20 in FIG. 1 . 
FIG. 3 is a view explaining in more detail the periph- 
ery of a gas introducing mechanism 18 in FIG. 1. 
FIG. 4 is a flowchart explaining a method for film 
formation of a gate insulator according to an em- 
bodiment of the present invention. 
FIG. 5 is a flowchart showing in detail an example 
of Step 52 mentioned in FIG. 4. 
FIG. 6 is a chart showing the result of oxide film for- 
mation included in Step 52 mentioned in FIG. 4. 
FIG. 7 is a chart explaining the result of turning an 
oxide film shown in FIG. 6 into an oxynitride film. 
FIG. 8 is a chart showing the result of film thickness 
measurement of the oxynitride film shown in FIG. 7. 



FIG. 9 is a flowchart showing in detail an example 
of Step 53 mentioned in FIG. 4. 
FIG. 10 is a block diagram schematically showing 
an apparatus for film formation of a gate insulator 

5 according to an embodiment of the present inven- 
tion different from that in FIG. 1 . 
FIG. 11 is a schematic front view (partial sectional 
view) showing a specific example of oxygen radical 
generating mechanisms 91, 92 in FIG. 10. 

w FIG. 12 is a plan view showing an example of a 
schematic structure of a cluster tool according to an 
embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

15 

[0036] In the present invention, a second insulation 
film having a high dielectric constant is formed on a very 
thin first insulation film which is formed separately. This 
means that a process of forming a film of a high dielectric 

20 constant material is carried out after the formation of a 
barrier film, which enables the formation of a gate of a 
high dielectric constant material stable to a substrate. 
[0037] Hereinafter, embodiments of the present in- 
vention will be explained with reference to the drawings. 

25 [0038] FIG. 1 is a block diagram schematically show- 
ing an apparatus for film formation of a gate insulator 
according to an embodiment of the present invention, 
and with this apparatus for film formation, a method for 
film formation of a gate insulator according to an em- 

30 bodiment of the present invention can be carried out. 
[0039] As shown in this drawing, this apparatus for 
film formation of the gate insulator has a case wall 11 in 
which a processing chamber is formed, a susceptor 13 
on which an object to be processed (semiconductor sub- 

35 strate) 12 is to be placed, a heater 14 which heats the 
object to be processed 1 2, a motor 1 5 which rotates the 
susceptor, a pressure-reducing mechanism 1 6 which 
reduces the pressure of the processing chamber to a 
predetermined pressure or exhausts it, a gate valve 1 7 

40 which is capable of airtightly opening/closing the 
processing chamber and through which the object to be 
processed 12 is to be carried in/ out, a gas introducing 
mechanism 18 which supplies a predetermined gas to 
the processing chamber, and ultraviolet irradiating 

45 mechanisms 19, 20 which irradiate the gas in the 
processing chamber with ultraviolet rays. 
[0040] Each of the ultraviolet irradiating mechanisms 
19 : 20 has an ultraviolet lamp 21 , a window member 22 
which separates the ultraviolet lamp 21 from the 

50 processing chamber side, and a shutter 23 capable of 
airtightly separating the window member 22 and the 
processing chamber from each other. 
[0041] The case wall 11 has the airtight processing 
chamber formed therein, and, for example, quartz is 

55 used for its inner wall so as not to become a source of 
contaminating the object to be processed 12. Further, 
the temperature of the inner wall may be controlled in 
order to inhibit the growth of an unnecessary film on the 



7 

inner wall. 

[0042] The susceptor 13 is so disposed in the 
processing chamber that the surface thereof on which 
the object to be processed 12 is placed is positioned 
substantially in the center of the processing chamber in 
the plane view, and is intended for horizontally holding 
the objecttobe processed 12carried into the processing 
chamber with a processed surface thereof facing up- 
ward for processing. 

[0043] The heater 14, which is provided in the sus- 
ceptor 13, is intended for heating the object to be proc- 
essed 1 2 placed on the susceptor 1 3 to a predetermined 
temperature for processing. 

[0044] The motor 15 rotates the object to be proc- 
essed 12 placed on the susceptor 13 together with the 
susceptor 13 in the processing chamber in a horizontal 
plane. This rotation of the object to be processed 1 2 is 
intended for improving uniformity of the film-forming sur- 
face. Further, the motor 15 has a sealing function be- 
tween the inside and the outside of the processing 
chamber, and is provided outside the processing cham- 
ber so as to keep the inside of the processing chamber 
airtight. 

[0045] The pressure-reducing mechanism 1 6 is con- 
nected to the processing chamber so as to reduce the 
pressure of the inside of the processing chamber or ex- 
haust it. 

[0046] The gate valve 1 7 is disposed on a side face 
of the case wall 11 so that the object to be processed 
12 is easily carried in/out with the main surface thereof 
in a horizontal direction. 

[0047] The gas introducing mechanism 18, which is 
provided on a side face of the case wall 11 , is capable 
of introducing a plurality of gasses. Such gas introduc- 
tion from the side face of the case wall 11 is different 
from a type of an introducing method using a shower- 
head provided above, which is generally used in an or- 
dinary CVD process. 

[0048] The ultraviolet irradiating mechanisms 19, 20 
are provided on an upper wall of the case wall 1 1 above 
the object to be processed 12 at a position slightly de- 
viated from the center of the object to be processed 12, 
and they are intended for turning an oxygen gas intro- 
duced into the processing chamber into an oxygen rad- 
ical. Three or more may be provided, not limited to two 
as shown in the drawing, so that the oxygen radicals 
they generate in the processing chamber act more uni- 
formly on the object to be processed 1 3. 
[0049] Incidentally, temperature control of the sus- 
ceptor 13 : rotation control (including stop/rotation con- 
trol) of the motor 15, pressure control by the pressure- 
reducing mechanism 16, and so on may be conducted 
by control signals from an information processing unit 
(not shown). 

[0050] FIG. 2A and FIG. 2B are views showing in 
more detail the structure of the shutter 23 of each of the 
ultraviolet irradiating mechanisms 19, 20, FIG. 2A being 
a plan view of the shutter 23 and FIG. 2B being a front 
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view in slightly more detail of the shutter 23 portion in 
each of the ultraviolet irradiating mechanisms 19, 20. 
[0051] As shown in FIG. 2A, the shutter 23 has a 
plate-type plate member 23a in a substantially circular 
5 shape and a shaft member 23b protruding in one diam- 
eter direction of the plate member 23a. Further as 
shown in FIG. 2B, when the shutter 23 fits in the inner 
wall of a cylindrical member 1 9a of each of the ultraviolet 
irradiating mechanisms 1 9 : 20. a shutter closed state is 
to made to vertically divide a space inside the cylindrical 
member 19a. As shown in FIG. 2B : an upper and a lower 
portion of the space are kept airtight at this time since 
the seal members 31 , 32 are provided on the inner wall 
of the cylindrical member 19a. 
15 [0052] Meanwhile, in order to produce a shutter open 
state, the shutter 23 is rotated by substantially 90° rel- 
ative to the shaft member 23b as shown by the broken 
line in FIG. 2B. 

[0053] Such a function of the shutter 23 makes it pos- 
sible to airtightly separate the window member 22 from 
the atmosphere inside the processing chamber when 
the irradiation of the ultraviolet rays on the gas inside 
the processing chamber is not necessary. For the win- 
dow member 22, for example, quartz can be used as a 
material thereof for transmitting the ultraviolet rays, and 
when the shutter 23 is closed, unexpected film formation 
on the window member 22 can be inhibited. 
[0054] FIG. 3 is a view explaining in more detail the 
periphery of the gas introducing mechanism 18. As 
shown in this drawing, a plurality of (for example, four 
as shown in the drawing) gas introducing pipes are pro- 
vided inside the gas introducing mechanism 18, and 
they have mass flow controllers 41 , 42, 43, 44 respec- 
tively. On an upstream side of the mass flow controllers 
41 to 44, gas supply sources 45, 46. 47, 48 are provided 
respectively. 

[0055] A predetermined gas is stored in each of the 
gas supply sources 45 to 4B : and they may be controlled 
to a predetermined temperature. The mass flow control- 
lers 41 to 44 operate so as to supply a predetermined 
amount of gas into the processing chamber from the gas 
supply sources 45 to 48. Such temperature control and 
flow rate control may be conducted by control signals 
from an information processing unit (not shown). 
[0056] Next, a method for film formation using the ap- 
paratus for film formation of the gate insulator explained 
above will be explained, using FIG. 4 to FIG. 9 along 
with FIG. 1 which has been already explained. 
[0057] FIG. 4 is a flowchart explaining a method for 
film formation of a gate insulator according to an em- 
bodiment of the present invention. In this method for film 
formation, a very thin first film to be a base and a high 
dielectric constant second film positioned at an upper 
layer thereof are successively formed in the same 
processing chamber. 

[0058] Specifically., as shown in FIG. 4 : the object to 
be processed 12 is first transferred into the processing 
chamber inside the case wall 11 (Step 51), and a pre- 
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determined condition is set for the processing chamber 
to form the first film (Step 52). When the first film is 
formed, a different predetermined condition is set for the 
processing chamber to form the second film (Step 53). 
When the first film and the second film are thus formed, 
the object to be processed 12 is transferred out of the 
processing chamber (Step 54). 
[0059] FIG. 5 is a flowchart showing in detail an ex- 
ample of Step 52 mentioned above. Specifically, the ob- 
ject to be processed (wafer) 12 is heated to a predeter- 
mined temperature by the heater 1 4 in the susceptor 1 3, 
the processing chamber is set to a predetermined pres- 
sure by the pressure- reducing mechanism 16, and the 
gas introducing mechanism 1 8 is operated to introduce 
a gas to the processing chamber, thereby producing a 
predetermined atmosphere (Step 61). 
[0060] Here, for example, under the temperature and 
pressure setting of about 400°C to about 500°C and 
about 133 Pa to about 1330 Pa (about 1 Torr to about 
1 0 Torr) respectively, an oxygen gas can be introduced 
at a flow rate of about 0.1 liter/min to about 1 0 liter/min. 
[0061] Next, the shutter 23 is turned into an open 
state, and the gas introduced into the processing cham- 
ber is irradiated with the ultraviolet rays by the ultraviolet 
irradiating mechanisms 19, 20 for a predetermined pe- 
riod of time while the object to be processed 1 2 is rotated 
by the motor 15 (Step 62). 

[0062] Here, for example, about 5 minute irradiation 
can be carried out, using the ultraviolet rays whose 
wavelength is 172 nm : with an output energy density 
thereof being about 10 W/cm 2 to about 50 W/cm 2 . 
[0063] Such a process enables the formation of a very 
thin (for example, about 0.6 nm to about 0.8 nm) Si0 2 
film on the processed surface of the Si semiconductor 
substrate (object to be processed 12). 
[0064] It is one of the characteristics of this embodi- 
ment to form, as a barrier against a higher dielectric con- 
stant film on an upper layer, a very thin and relatively 
low dielectric constant film such as an Si0 2 film being a 
base layer while the film thickness is thus controlled. 
[0065] Such a barrier layer prevents the occurrence 
of deterioration in film quality which is caused by the mix- 
ture of the high dielectric constant film with the semicon- 
ductor substrate. Further, since a very thin film can be 
formed while the film thickness is controlled, even a low 
dielectric constant of the base layer itself does not give 
influence to an extent to impair a high dielectric constant 
property as the entire film of the base and the upper lay- 
er. Consequently, a gate insulation film making full use 
of the high dielectric constant material of the upper layer 
can be formed. 

[0066] FIG. 6 is a chart showing the result of measur- 
ing dependency of the thickness of the formed Si0 2 film 
on variation of ultraviolet irradiation energy. The 
processing was conducted for 5 minutes under the 
processing conditions that the temperature was 450° C, 
the pressure was 665 Pa (5 Torr), and an oxygen gas 
was introduced at the flow rate of about 1 liter/min. 1 00% 



ultraviolet irradiation energy on the horizontal axis cor- 
responds to 50 W/cm 2 irradiation energy. The film thick- 
ness is calculated by conversion of photoelectron es- 
cape degth using an XPS (x-ray photoelectron spectros- 
5 copy). 

[0067] As shown in FIG. 6, a very thin Si0 2 film is 
formed by the ultraviolet irradiation energy with good 
film-thickness controllability. This example shows that 
variation in intensity of the ultraviolet irradiation energy 
10 secures controllability of the thickness of the formed 
film, but variation in pressure or processing time can al- 
so control the film thickness. 

[0068] The process shown in FIG. 5 may additionally 
include a process of further modifying the formed oxide 

15 film to an oxynitride film beside the above-described 
process of forming the oxide film. An example of modi- 
fying the oxide film to the oxynitride film will be explained 
with reference to FIG. 7 and FIG. 8. 
[0069] For example, the oxide film is formed to have 

20 a thickness of, for example, about 0.7 nm in the above- 
described manner, and thereafter, nitrogen turned into 
a radical is introduced to the processing chamber. The 
processing conditions can be such that the temperature 
is about 450° C, the pressure is about 1 .33 Pa to about 

25 3990 Pa (about 0.01 Torr to about 30 Torr), nitrogen is 
introduced at a flow rate of about 1 seem to about 300 
seem (seem is cube centimeter per minute at normal 
state conversion), and Ar is introduced at a flow rate of 
about 0.1 liter/min to about 2 liter/min . Nitrogen is turned 

30 into the radical , for example, in a different place from the 
processing chamber by microwave irradiation on a ni- 
trogen gas. Incidentally, a place for such microwave ir- 
radiation for turning nitrogen into the radical, which is 
not shown in FIG. 1 to FIG. 3, can be provided between 

35 the gas supply source 45 (46, 47, 48) and the mass flow 
controller 41 (42,43,44). 

[0070] FIG. 7 is an example of the measurement of 
variation in nitrogen concentration in the formed film 
when the processing time is varied. The processing con- 

40 ditions at this time are such that the temperature is 
450°C. the pressure is 133 Pa (1 Torr), and a nitrogen 
radical and Ar are introduced to the processing chamber 
at flow rates of 5 seem and 0.71 liter/min respectively. 
As shown in FIG. 7, a target nitrogen concentration in 

45 the film, for example, about 7% with which the film can 
sufficiently function as a modified film is obtained when 
the processing time is a little less than 200 seconds. In- 
cidentally, the nitrogen concentration in the film can be 
controlled also by increase/decrease in concentration of 

50 the introduced nitrogen radical or in processing pres- 
sure, beside the increase/decrease in processing time. 
[0071] FIG. 8 is the result of measuring the film thick- 
ness of the modified film formed in the example shown 
in FIG. 7 (the horizontal axis shows the nitrogen con- 

55 centration measured in FIG. 7 and the vertical axis 
shows film thickness measured here). The film thick- 
ness is obtained using an XPS. When the nitrogen con- 
centration in the film is, for example, 7% as mentioned 
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above, the film thickness becomes 1 .2 nm, which indi- 
cates that, in spite of the increase in film thickness in 
accordance with the modification process, a very thin 
barrier layer is still formed. 

[0072] FIG. 9 is a flowchart showing in detail an ex- 
ample of Step 53 shown in FIG. 4 mentioned above. 
Specifically, the wafer (object to be processed 1 2) is first 
set to a predetermined temperature by the heater 14, 
and the processing chamber is set to a predetermined 
pressure by the pressure-reducing mechanism 1 6 (Step 
71). At this time, the shutter 23 of each of the ultraviolet 
irradiation mechanisms 1 9, 20 is closed (ditto). 
[0073] Here, such setting is possible, for example, 
that the temperature is about 250°C to about 300°C and 
the pressure is about 13 Pa to about 133 Pa (about 0.1 
Torrto about 1 Torr). 

[0074] Next, the gas introducing mechanism 1 8 is op- 
erated to execute the process in a predetermined order 
as shown in Step 72. In this process, the following pro- 
cedure is repeated, namely, a source gas is introduced 
into the processing chamber, this source gas is made to 
adhere to the surface of the object to be processed 12, 
and an unnecessary portion of the adhering source gas 
on a molecular level is vaporized by an oxidizer for re- 
moval, thereby gradually growing a film with high preci- 
sion, and this process is a method called ALD (atomic 
layer deposition). In this method, since the source gas 
adheres to the surface of the object to be processed 1 2 
thinly and uniformly on a molecular level, the gas intro- 
duction to the processing chamber even from the side 
face of the case wall 11 as shown in FIG. 1 does not 
cause any problem. 

[0075] In the flowchart shown in FIG. 9, two kinds of 
source gases are alternately used and an oxidizing gas 
which oxidizes these gases is introduced every time 
each of the source gases is introduced, and moreover, 
gas purge as a pre-stage is conducted prior to the 
source gas introduction and the oxidizing gas introduc- 
tion. The purge is conducted because, once the reac- 
tions of adhesion and oxidization are caused on the sur- 
face of the object to be processed 1 2 by introducing the 
gasses, the atmosphere thereof is no longer necessary. 
[0076] Accordingly, in Step 72, a first source gas is 
first introduced into the processing chamber by the op- 
eration of the gas introducing mechanism 1 8 (Step 73). 
This causes the first source gas to adhere onto the sur- 
face of the object to be processed 1 2 (in more detailed 
term, on the first film that is the base layer) on a molec- 
ular level. 

[0077] Next, the pressure-reducing mechanism 16 is 
operated to exhaust the processing chamber and the 
gas introducing mechanism 1 8 is operated to introduce, 
for example, an inert gas, into the processing chamber, 
thereby purging the first source gas (Step 74). 
[0078] Next, the pressure-reducing mechanism 1 6 is 
operated to exhaust the processing chamber and the 
gas introducing mechanism 1 8 is operated to introduce 
the oxidizing gas into the processing chamber (Step 75). 



Through these operations, an unnecessary portion on 
a molecular level of the first source gas adhering to the 
su rf ace of the object to be processed 1 2 is vaporized for 
removal. 

5 [0079] Next, the pressure-reducing mechanism 16 is 
operated to exhaust the processing chamber and the 
gas introducing mechanism 18 is operated to introduce, 
for example, an inert gas to introduce into the process- 
ing chamber, thereby purging the oxidizing gas (Step 

10 76). 

[0080] Next, a second source gas is introduced into 
the processing chamber by the operation of the gas in- 
troducing mechanism 1 8 (Step 77). This operation caus- 
es the second source gas to adhere onto the surface of 

15 the object to be processed 12 on a molecular level. 
[0081] Next, the pressure-reducing mechanism 16 is 
operated to exhaust the processing chamber and the 
gas introducing mechanism 18 is operated to introduce, 
for example, an inert gas into the processing chamber, 

20 thereby purging the second source gas (Step 78). 
[0082] Next, the pressure-reducing mechanism 1 6 is 
operated to exhaust the processing chamber and the 
gas introducing mechanism 18 is operated to introduce 
the oxidizing gas into the processing chamber (Step 79). 

25 Through these operations, an unnecessary portion on 
a molecular level of the second source gas adhering to 
the surface of the object to be processed 1 2 is vaporized 
for removal. 

[0083] Next, the pressure-reducing mechanism 16 is 

30 operated to exhaust the processing chamber and the 
gas introducing mechanism 18 is operated to introduce, 
for example, an inert gas into the processing chamber, 
thereby purging the oxidizing gas (Step 80). 
[0084] In the forgoing manner, through the procedure 

35 of which two kinds of the source gases are alternately 
made to adhere onto the surface of the object to be proc- 
essed 12 and the unnecessary portions on a molecular 
level are removed, the film formed on the surface of the 
object to be processed 1 2 can contain as its component 

40 a compound containing metal or semiconductor atoms 
included in the respective source gases. Some high di- 
electric constant compounds contain such two kinds or 
more of metal or semiconductor atoms, and even a film 
of such a material can be formed by ALD relatively easily 

45 with high precision and uniformity in the foregoing man- 
ner. 

[0085] Note that Step 73 to Step 80 is repeated until 
the second film is formed to have a predetermined thick- 
ness. Since, the high dielectric constant second film be- 

50 jng thus formed, the process of forming a film of a high 
dielectric material is conducted successively, following 
the pre-process, namely, the formation of the barrier 
film, it becomes possible to forming a gate of a high di- 
electric constant material with low burden. 

55 [0086] For example, Zr(OC(CH) 3 ) 4 as the first source 
gas, TEOS as the second source gas, and H 2 0 as the 
oxidizing gas are specific examples respectively. The 
second film formed of these materials (high dielectric 
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constant film) is ZrSiOx. 

[0087] Each of the conditions in introducing Zr(OC 
(CH) 3 ) 4 , in introducing TEOS, and in introducing the ox- 
idizing gas can be such that the temperature is about 
250°C to about 300°C and the pressure is about 13 Pa 
to about 133 Pa (about 0.1 Torr to about 1 Torr) as de- 
scribed above. In this case, the flow rate can be about 
0.1 seem to about 10 seem, and the flow time can be 
several seconds to several ten seconds. 
[0088] As the purge gas, for example, Ar is usable, 
and in this case, the temperature and the pressure can 
be set to about the same values as those described 
above. The flow rate and time can be set to 0. 1 liter/min 
to 10 liter/min and several seconds to several ten sec- 
onds respectively. 

[0089] Experiments have shown that by repeating 
Step 73 to Step 80 under these conditions about 20 
times, for example, a ZrSiOx film can be formed to have 
a thickness of about 3 nm to about 4 nm. 
[0090] Incidentally, it is also possible to form the high 
dielectric constant film, using only one kind of gas as the 
source gas. Further, including this case, the oxidizer can 
be appropriately selected in consideration of the source 
gas and the property of the formed film. A procedure 
example using only one kind of source gas, which is ap- 
plicable instead of the flow shown in FIG. 9, will be de- 
scribed. 

[0091] For example, when an Al 2 0 3 film is to be 
formed as the high dielectric constant film, AI(CH 3 ) 3 is 
first prepared as the source gas, and is bubbled with an 
Ar gas in an appropriate vessel at a temperature of 20°C 
to 50°C, for example, about 25°C. The Ar gas is intro- 
duced in the vessel at a flow rate of several tens seem 
to 100 seem. The bubbled source gas is introduced into 
the processing chamber by the gas introducing mecha- 
nism 18 for about 1 second. Incidentally, the aforemen- 
tioned vessel, though not shown in FIG. 1 to FIG. 3, can 
be provided between the gas supply source 45 (46, 47, 
48) and the mass flow controller 41 (42, 43 : 44). 
[0092] Next, the pressure-reducing mechanism 1 6 is 
operated to exhaust the processing chamber and the 
gas introducing mechanism 18 is operated to introduce, 
for example, an inert gas, into the processing chamber, 
thereby purging the source gas. 
[0093] Next, the pressure-reducing mechanism 1 6 is 
operated to exhaust the processing chamber and the 
gas introducing mechanism 18 is operated to introduce 
the oxidizing gas into the processing chamber. Through 
these operations, an unnecessary portion on a molecu- 
lar level of the source gas adhering to the surface of the 
object to be processed 12 is vaporized for removal. 
Then, the pressure-reducing mechanism 16 is operated 
to exhaust the processing chamber and the gas intro- 
ducing mechanism 18 is operated to introduce, for ex- 
ample, an inert gas into the processing chamber, there- 
by purging the oxidizing gas. 

[0094] By repeating the procedure of alternately exe- 
cuting the adhesion of one kind of the source gas Al 



(CH 3 ) 3 onto the surface of the object to be processed 
1 2 and the removal of the unnecessary portion on a mo- 
lecular level by the oxidizer as described above, an 
Al 2 0 3 film having a high dielectric constant can be 
5 formed on the surface of the object to be processed 12 
(on the base layer) with the film thickness thereof being 
controlled on an atomic layer. 
[0095] Incidentally, in this case, the processing con- 
ditions can be such, for example, that the temperature 
10 of the object to be processed 1 2 is 300°C to 350°C and 
water vapor is used as the oxidizer which is introduced 
into the processing chamber at a flow rate of about sev- 
eral tens seem to about 100 seem. Further, when the 
source gas and the oxidizing gas are introduced into the 
15 processing chamber, they can be introduced from op- 
posite sides to each other across the object to be proc- 
essed 12. In this case, in the apparatus shown in FIG. 
1, the gas introducing mechanism 18 provided in the 
case wall 11 is provided on the opposing side faces of 
20 the case wall 1 1 , one for each side face. The gate valve 
1 7 is disposed in the case wall 11 , evading the positions 
where the gas introducing mechanisms 1 8 are provided. 
[0096] The formation of an Hf0 2 film as another ex- 
ample of using only one kind of the source gas to form 
25 the high dielectric constant film will be described. In this 
case, Hf(N(C 2 H 5 ) 2 ) 4 is prepared as the source gas and 
bubbled with an Ar gas in an appropriate vessel at a tem- 
perature of 80°C to 120°C, for example, about 100°C. 
The Ar gas is introduced in the vessel at a flow rate of 
30 several tens seem to 1 00 seem. The bubbled source gas 
is introduced into the processing chamber by the gas 
introducing mechanism 18 for about 1 second. 
[0097] Next, the pressure-reducing mechanism 16 is 
operated to exhaust the processing chamber and the 
35 gas introducing mechanism 1 8 is operated to introduce, 
for example, an inert gas into the processing chamber, 
thereby purging the source gas. 
[0098] Next, the pressure-reducing mechanism 1 6 is 
operated to exhaust the processing chamber and the 
40 gas introducing mechanism 1 8 is operated to introduce 
the oxidizing gas into in the processing chamber. 
Through these operations, an unnecessary portion on 
a molecular level of the source gas adhering to the sur- 
face of the object to be processed 12 is vaporized for 
45 removal. Then, the pressure-reducing mechanism 16 is 
operated to exhaust the processing chamber and the 
gas introducing mechanism 1 8 is operated to introduce, 
for example, an inert gas into the processing chamber, 
thereby purging the oxidizing gas. 
so [0099] By repeating the procedure of alternately exe- 
cuting the adhesion of one kind of the source gas Hf(N 
(C 2 H 5 ) 2 ) 4 onto the surface of the object to be processed 
1 2 and the removal of the unnecessary portion on a mo- 
lecular level by the oxidizer as described above, an Hf0 2 
55 film having a high dielectric constant can be formed on 
the surface of the object to be processed 1 2 (on the base 
layer) with the film thickness thereof being controlled on 
an atomic layer. 
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[0100] Incidentally, in this case, the processing con- 
ditions can be such, for example, that the temperature 
of the object to be processed 1 2 is 300°C to 350°C and 
water vapor is used as the oxidizer, which is introduced 
into the processing chamber at a flow rate of about sev- 
eral tens seem to about 100 seem. 
[0101] As an additional comment on Step 72 in FIG. 
9, a step of improving the quality of the formed film can 
be added at any timing during the period from Step 73 
and Step 80. Specifically, it is possible that ingredients 
which should have been vaporized for removal may re- 
main in the film formed by ALD. Hence, a step of setting 
the atmosphere of the processing chamber so as to con- 
tain an oxygen radical is added. This can remove the 
residuals in the film to improve the quality of the formed 
film. 

[0102J This process can be carried out by the appa- 
ratus for film formation of the gate insulator shown in 
FIG. 1 in such a manner that an oxygen gas is intro- 
duced from the gas introducing mechanism 1 8 and the 
oxygen radical is generated by the operation of the ul- 
traviolet irradiating mechanisms 19, 20. 
[0103] Incidentally, with the apparatus for film forma- 
tion of the gate insulator shown in FIG. 1 , the high die- 
lectric constant second film can be formed also by CVD. 
For example, in the case of forming a Zr0 2 or a Ta 2 0 5 
film, a source gas, an oxygen gas ; and a carrier gas are 
introduced from the gas introducing mechanism 1 8, and 
the susceptor 13 is rotated by the motor 15 in order to 
improve uniformity in processing the processed surface 
of the object to be processed 1 2. In the case of forming 
a BST film, it can be similarly formed using three kinds 
of source gases, namely, Ba(dpm) 2 , Sr(dpm) 2 , and Ti 
(0-i-Pr) 2 (dpm) 2 . 

[0104] The temperature is set to 350°C to 600°C, the 
pressure is set to 13 Pa to several hundreds Pa (0.1 Torr 
to several Torr), the source gas flow rate is set to 1 mg/ 
min to 1 0 mg/min, and the oxygen gas flow rate and the 
carrier gas flow rate are set to 1 00 seem to several thou- 
sands seem. 

[0105] Through this procedure, the second film hav- 
ing a high dielectric constant can be formed in the same 
processing chamber by CVD successively, following the 
first film formation. 

[0106] Incidentally, with the apparatus for film forma- 
tion of the gate insulator shown in FIG. 1 , it is also pos- 
sible to form the first film being the base layer by ALD 
or CVD. Specifically, when ALD is used, the source gas, 
the oxidizing gas, and the purge gas are introduced from 
the gas introducing mechanism 18 in a predetermined 
procedure, and when CVD is used, the source gas, the 
oxidizing gas, and the carrier gas are introduced from 
the gas introducing mechanism 18. 
[0107] In this case, SiCI 4 , SiH 2 CI 2 , TEOS, and so on 
are usable as the source gas of ALD, and H 2 O f H 2 +0 2 , 
H 2 0 2 , 0 2 , 0 3 , NO, N 2 0, N0 2 and so on are usable as 
the oxidizer thereof. 

[0108] 0 2 , 0 3 , H 2 0, (H 2 +0 2 ), H 2 0 2 , NO, N 2 O r N0 2 , 
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and so on are usable as the oxidizing gas of CVD, and 
SiH 4l SiH 2 CI 2 , SiCI 4 , TEOS, (SiH 2 CI 2 +NH 3 ), (SiC! 4 + 
NH 3 ), and so on are usable as the source gas thereof. 
[0109] In either case of ALD and CVD, SiON orSu^ 
5 can be selected beside Si0 2 for the first film. 

[0110] In the case of ALD, a step of improving the 
quality of the formed film can be also added. This is the 
removal of ingredients in the film formed by ALD, which 
should have been vaporized for removal. For this pur- 
10 pose, a step of setting the atmosphere inside the 
processing chamber so as to include an oxygen radical 
is added. In order to carry out this step by the apparatus 
for film formation of the gate insulator shown in FIG. 1 , 
an oxygen gas is introduced from the gas introducing 
*5 mechanism 18 and the oxygen radical is generated by 
the operation of the ultraviolet irradiating mechanisms 
19, 20. 

[0111] Further, instead of using ALD and CVD, direct 
oxidization of the semiconductor substrate by the oxi- 
dizing gas can also form the first film being the base 
layer. In this case, 0 2 , 0 3: H 2 0, (H 2 +0 2 ), H 2 0 2 , NO, 
N 2 0, N0 2 , and so on are usable as the oxidizing gas. 
[01 1 2] Next, an apparatus for film formation of a gate 
insulator according to an embodiment of the present in- 
vention different from that in FIG. 1 will be explained with 
reference to FIG. 10. FIG. 10 is a block diagram sche- 
matically showing an apparatus for film formation of the 
gate insulator according to an embodiment of the 
present invention, where the same numbers are used 
to designate the same components as those explained 
previously, and explanation of the structure and opera- 
tion thereof will be omitted. 

[0113] In the apparatus for film formation of the gate 
insulator in FIG. 10, oxygen radical generating mecha- 
nisms 91 , 92, instead of the ultraviolet irradiating mech- 
anisms 19, 20, are connected to a case wall 11. The 
oxygen radical generating mechanisms 91, 92 are dis- 
posed on an upper face of the case wall 11 at a position 
deviated from the center thereof and operated so as to 
improve uniformity of a processed surface of the object 
to be processed 12 together with the rotation of the ob- 
ject to be processed 1 2 by a motor 1 5. For this purpose, 
three or more may be provided, not limited to two as 
shown in the drawing. 

[0114] A method for film formation of a gate insulator 
according to an aspect of the present invention using 
this apparatus for film formation of the gate insulator is 
also executed according to the flowchart shown in FIG. 
4. In Step 52 of this flowchart, instead of using the meth- 
od of irradiating the oxygen gas with the ultraviolet rays 
as shown in FIG. 5, oxygen radicals are supplied directly 
from oxygen radical generating mechanisms 91 , 92. 
[0115] The oxygen radical generating mechanisms 
91 , 92 can be also operated in order to improve the prop- 
erty of a formed film at any timing during the period from 
Step 73 to Step 80 in Step 72 explained in FIG. 9. This 
is because it is possible that ingredients which should 
have been vaporized for removal may remain in the film 
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formed by ALD as previously described. Hence, a step 
of setting the atmosphere of a processing chamber so 
as to include the oxygen radicals is added. 
[01161 incidentally, such a structure can also be 
adopted that ultraviolet irradiating mechanisms 19, 20 
are also provided in addition to the oxygen radical gen- 
erating mechanisms 91 , 92, and they are used accord- 
ing to the intended purposes , for example; the ultraviolet 
irradiating mechanisms 19, 20 are used in the first step 
(Step 52) and the oxygen radical generating mecha- 
nisms 91 , 92 are used for improving the film quality in 
the second step (Step 53). 

[0117] FIG. 11 is a front sectional view schematically 
showing a specific example of the oxygen radical gen- 
erating mechanisms 91 . 92. 

[0118] As shown in this drawing, each of the oxygen 
radical generating mechanisms 91, 92 radiates micro- 
waves from a microwave antenna 1 05, and plasmatizes 
oxygen introduced from oxygen introducing inlets 106, 
107 to generate oxygen radicals. 
[0119] A space 103 in which plasma is to be generat- 
ed has side faces covered with, for example, a stainless 
steel 1 01 and a bottom face connected to the processing 
chamber for the object to be processed 12 via a show- 
erhead 102 made of, for example, quartz. In an upper 
face of the space 1 03 in which the plasma is to be gen- 
erated, a showerhead 104 to which an oxygen gas is 
supplied is disposed. Further, in order to increase the 
density of the generated plasma and thus generate the 
oxygen radicals efficiently, a ring-shaped magnet 108 is 
provided, surrounding the stainless steel 101 which 
forms the space 103, thereby forming a magnetic field 
in the space 103. 

[0120] As the microwaves, for example, those with 
2.45 GHz frequency and 100 W to 1000 W output are 
usable. 

[0121] The conditions for forming a first film being a 
base layer through the use of the oxygen radical gener- 
ating mechanisms 91 , 92 can be such that, for example, 
the temperature is 600°C to 800°C, the pressure is sev- 
eral hundreds Pa (several Torr), the oxygen gas flow 
rate is 0.01 liter/min to 5 titer/min, and the time thereof 
is several minutes. 

[0122] Next, a cluster tool according to an aspect of 
the present invention will be explained with reference to 
FIG. 12. 

[0123] FIG. 12 is a plan view showing an example ot 
a schematic structure of a cluster tool according to an 
aspect of the present invention. This cluster tool per- 
forms various kinds of processes for an object to be 
processed being a target of its processing, such as film 
forming, annealing, and removal of a natural oxide film. 
[01 24] A processing system 1 has processing cham- 
bers 112 to 115 in which various kinds of the aforesaid 
processing are performed and a transfer chamber 111 
which can be vacuumized, and the processing cham- 
bers 112 to 11 5 are connected to the transfer chamber 
111 via gate valves 118 to 121 respectively. 



[0125] Load lock chambers 116, 117 are connected to 
the transfer chamber 111 via gate valves 122, 123 re- 
spectively and the object to be processed can be carried 
therein/therefrom fromAo the outside via gate valves 
5 124,125. 

[0126] Each of the processing chambers 112 to 115 
has a susceptor on which the object to be processed is 
to be placed, and the object to be processed undergoes 
various kinds of processes therein such as film forming, 
10 annealing, and removal of a natural oxide film. 

[0127] A transfer arm 126 configured to be extenda- 
ble/contractible and rotatable is provided in the transfer 
chamber 111 , and the transfer arm 126 delivers the ob- 
ject to be processed to/from each of the processing 
15 chambers 1 1 2 to 1 1 5 from/to these load lock chambers 
116,117. 

[0128] A wafer mounting table and a not-shown vac- 
uum pump is provided in each of the load lock chambers 
116 117 and the transfer arm 126 carries to the process- 
20 ing chambers 112 to 115 the object to be processed 
which is placed on the wafer mounting table so that the 
object to be processed can be delivered without being 
exposed to the atmosphere. 

[0129] In this cluster tool, each of the load lock cham- 
25 bers 116, 117, the transfer chamber 111, and the 
processing chambers 112 to 115 can be independently 
vacuumized, and the degree of vacuum can be in- 
creased in the order of the load lock chambers 116,117, 
the transfer chamber 11 1 , and the processing chambers 
30 112 to 115. When the object to be processed is carried 
into each of the processing chambers 112 to 115 from 
the outside, the object to be processed is first carried 
into the load lock chamber 116 or 117. Next, the object 
to be processed carried into the load lock chamber 1 1 6 
35 or 117 is carried into the transfer chamber 111 by the 
transfer arm 126, and the object to be processed carried 
into the transfer chamber 1 1 1 is carried into the process- 
ing chambers 112 to 115 by the transfer arm 126. 
[0130] This enables the prevention of the inside of the 
40 processing chambers 1 1 2 to 1 1 5 from being exposed to 
the atmosphere even when the object to be processed 
is carried into/out of the processing chambers 1 1 2 to 1 1 5 
so that it becomes possible to prevent the inside of the 
processing chambers 112 to 115 from being contami- 
45 nated by the atmosphere and particles in the atmos- 
phere from entering the processing chambers 112 to 
115, thereby enabling the realization of high-precision 
processing. 

[0131] Moreover, the contamination of the object to be 
so processed by the atmosphere issimilarly prevented also 
when the object to be processed is transferred from the 
processing chamber 112 to the processing chamber 
1 1 3 when the object to be processed is transferred from 
the processing chamber 1 1 3 to the processing chamber 
55 114, and so on. 

[0132] In short, when the above-described apparatus 
for film formation of the gate insulator according to the 
embodiment of the present invention is provided as any 
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one of the processing chambers of this cluster tool, the 
process of forming a film of a high dielectric constant 
material can-be carried out successively, following the 
pre-process that is the formation of a barrier layer, there- 
by enabling the realization of a cluster tool capable of 
forming a gate of a high dielectric constant material with 
low burden. 

INDUSTRIAL APPLICABILITY 

[01 33] A method for film formation of a gate insulator 
according to the present invention can be used in the 
semiconductor manufacturing industry. An apparatus 
for film formation of a gate insulator and a cluster tool 
according to the present invention can be manufactured 
in the manufacturing industry of the semiconductor 
manufacturing equipment and can be used in the sem- 
iconductor manufacturing industry. Therefore, all of 
them have industrial applicability. 

Claims 

1 . A method for film formation of a gate insulator, com- 
prising: 

a first step of forming a first insulation film, an 
essential component of which is a material hav- 
ing a first dielectric constant, on a surface of a 
semiconductor substrate; and 
a second step of forming a second insulation 
film, an essential component of which is a ma- 
terial having a second dielectric constant larger 
than said first dielectric constant, on said 
formed first insulation film to be thicker than 
said first insulation film. 

2. A method for film formation of a gate insulator as 
set forth in claim 1 , wherein said first step and said 
second step are carried out in a same processing 
chamber. 

3. A method for film formation of a gate insulator as 
set forth in claim 1 , wherein said essential compo- 
nent of said first insulation film is any one of Si0 2 , 
SiON, and Si 3 N 4 . 

4. A method for film formation of a gate insulator as 
set forth in claim 1 , wherein said essential compo- 
nent of said second insulation film is any one of Zr- 
SiOx, Zr0 2 , HfSiOx, Hf0 2 , Ta 2 0 5 , Al 2 0 3 , Ti0 2 , 
ZrTi0 4! BST, STO s La 2 0 3 , and La 2 SiO s . 

5. A method for film formation of a gate insulator as 
set forth in claim 1 , wherein said first step is carried 
out in an atmosphere containing an oxygen radical. 

6. A method for film formation of a gate insulator as 



set forth in claim 5, wherein said oxygen radical is 
generated by irradiation of an ultraviolet ray on an 
oxygen gas. 

5 7. A method for film formation of a gate insulator as 
set forth in claim 5, wherein said oxygen radical is 
generated by supply of radio-frequency electrical 
energy to an oxygen gas. 

10 8. A method for film formation of a gate insulator as 
set forth in claim 1 , wherein said first step includes 
forming an Si0 2 film and modifying said formed 
Si0 2 film to an oxynitride film. 

15 9. A method for film formation of a gate insulator as 
set forth in claim 1 , wherein, in said first step, setting 
an atmosphere of said processing chamber so as 
to contain a source gas and setting the atmosphere 
of said processing chamber so as to contain an ox- 
20 jdizer are alternately repeated. 

10. A method for film formation of a gate insulator as 
set forth in claim 9, wherein said source gas is any 
one of SiCI 4 , SiH 2 CI 2 , and TEOS, and said oxidizer 

25 is any one of H 2 0, H 2 +0 2 , H 2 0 2> 0 2 , 0 3 , NO, N 2 0, 
and N0 2 . 

11. A method for film formation of a gate insulator as 
set forth in claim 9, wherein said first step includes, 

30 during a period in which setting the atmosphere of 
said processing chamber so as to contain the 
source gas and setting the atmosphere of said 
processing chamber so as to contain the oxidizer 
are alternately repeated once or more times : re- 
35 moving residuals in the film by setting the atmos- 
phere of said processing chamber so as to contain 
an oxygen radical once or more times. 

12. A method for film formation of a gate insulator as 
to set forth in claim 1 , wherein said first step is carried 

out by introducing an oxidizing gas or a source gas 
into said processing chamber. 

13. A method for film formation of a gate insulator as 
45 set forth in claim 12, wherein said oxidizing gas or 

said source gas is any one or more of 0 2 , 0 3 , H 2 0, 
(H 2 +0 2 ) f H 2 0 2 , NO, N 2 0, N0 2 , SiH 4 , SiH 2 CI 2 , 
SiCI 4 , TEOS : (SiH 2 CI 2 +NH 3 ), and (SiCI 4 + NH 3 ). 

50 14. A method for film formation of a gate insulator as 
set forth in claim 1, wherein, in said second step, 
setting an atmosphere of said processing chamber 
so as to contain a source gas and setting the atmos- 
phere of said processing chamber so as to contain 

55 an oxidizer are repeated in a predetermined order. 

15. A method for film formation of a gate insulator as 
set forth in claim 1 4, wherein said source gas in said 
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second step has as composition thereof any one or 
more of Zr, Si, Hf, Ta, Al, Ti, and La. 

16. A~method for film formation of a gate insulator as 
set forth in claim 1 4, wherein said source gas in said 
second step is any one or more of Zr(OC(CH) 3 ) 4j 
SiH 4l SiH 2 CI 2 , SiCI 4 , TEOS, AI(CH 3 ) 3! and Hf(N 
(C 2 H 5 ) 2 )4, and said oxidizer is any one of H 2 0, 
(H 2 +0 2 ), H 2 0 2j 0 2 , 0 3 , NO, N 2 0, and N0 2 . 

17. A method for film formation of a gate insulator as 
set forth in claim 14, wherein, during a period in 
which setting the atmosphere of said processing 
chamber so as to contain the source gas and setting 
the atmosphere of said processing chamber so as 
to contain the oxidizer are repeated in the predeter- 
mined order, said second step includes removing 
residuals in the film by setting the atmosphere of 
said processing chamber so as to contain an oxy- 
gen radical once or more times. 

18. A method for film formation of a gate insulator as 
set forth in claim 1 , wherein said second step is car- 
ried out by introducing a source gas into said 
processing chamber. 

19. A method for film formation of a gate insulator as 
set forth in claim 1 8, wherein the source gas in said 
second step is any one of Ta(0-Et) 5 , Zr(OC(CH) 3 ) 4 , 
Ba(dpm) 2: Sr(dpm) 2; Ti(0-i-Pr) 2 (dpm) 2 . 

20. An apparatus for film formation of a gate insulator, 
comprising: 

a case wall in which a processing chamber is 
formed; 

a susceptor provided in the processing cham- 
ber inside said case wall, in which a semicon- 
ductor substrate carried into said case wall is 
to be placed; 

a heater provided in said susceptor which 
heats said placed semiconductor substrate; 
a pressure-reducing mechanism which reduc- 
es a pressure of an atmosphere of the process- 
ing chamber inside said case wall; 
at least one oxygen radical generating mecha- 
nism connected to said case wall, which sup- 
plies an oxygen radical into the processing 
chamber inside said case wall; 
a source gas introducing mechanism connect- 
ed to said case wall, which supplies a source 
gas into the processing chamber inside said 
case wall; and 

an oxidizing gas introducing mechanism con- 
nected to said case wall, which supplies an ox- 
idizing gas into the processing chamber inside 
said case wall. 



21. An apparatus for film formation of a gate insulator, 
comprising: 

a case wall in which a processing chamber is 
5 formed; 

a susceptor provided in the processing cham- 
ber inside said case wall, in which a semicon- 
ductor substrate carried into said case wall is 
to be placed; 

w a heater provided in said susceptor, which 

heats said placed semiconductor substrate: 
a pressure-reducing mechanism which reduc- 
es a pressure of an atmosphere of the process- 
ing chamber inside said case wall; 

15 an oxygen gas introducing mechanism con- 

nected to said case wall, which supplies an ox- 
ygen gas into the processing chamber inside 
said case wall; 

at least one ultraviolet irradiating mechanism 
20 connected to said case wall, which turns said 

introduced oxygen gas into an oxygen radical; 
a source gas introducing mechanism connect- 
ed to said case wall, which supplies a source 
gas into the processing chamber inside said 
25 case wall; and 

an oxidizing gas introducing mechanism con- 
nected to said case wall, which supplies an ox- 
idizing gas into the processing chamber inside 
said case wall. 

30 

22. An apparatus for film formation of a gate insulator 
as set forth in claim 21 1 further comprising: 

an oxygen radical generating mechanism con- 
35 nected to said case wall, which supplies an ox- 

ygen radical to the processing chamber inside 
said case wall. 

23. An apparatus for film formation of a gate insulator 
40 as set forth in claim 21 , 

wherein said ultraviolet irradiating mecha- 
nism comprises: 

an ultraviolet lamp; 

45 a window member which separates the 

processing chamber inside said case wall and 
a space where said ultraviolet lamp exists and 
which transmits an ultraviolet ray emitted by 
said ultraviolet lamp; and 

so a shutter provided on a side opposite said ul- 

traviolet lamp across said window member, 
which is capable of airtightly separating said 
window member and said processing chamber 
from each other. 

55 

24. An apparatus for film formation of a gate insulator 
as set forth in claim 20 : further comprising: 
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a susceptor rotating mechanism which rotates 
said susceptor on which said semiconductor 
substrate is placed. 

25. A cluster tool, comprising: 5 

the apparatus for film formation of the gate in- 
sulator as set for in claim 20; 
an annealing apparatus in which a second 
processing chamber is formed by a case wall m> 
different from the case wall that said apparatus 
for film formation of the gate insulator has and 
which anneals a semiconductor substrate car- 
ried into said second processing chamber; and 
a transfer mechanism which carries the semi- 15 
conductor substrate having undergone 
processing in said apparatus for film formation 
of the gate insulator to said second processing 
chamber of said annealing apparatus from the 
processing chamber inside the case wall that 20 
said apparatus for film formation of the gate in- 
sulator has, without exposing the semiconduc- 
tor substrate to an oxidized atmosphere. 

26. A cluster tool as set forth in claim 25, further com- 25 
prising: 

a natural oxide film removing apparatus in 
which a third processing chamber is formed by 
a case wall different from the case walls that 30 
said apparatus for film formation of the gate in- 
sulator and said annealing apparatus have re- 
spectively, and which removes a natural oxide 
film formed on a surface of the semiconductor 
substrate carried into said third processing 35 
chamber 

wherein said transfer mechanism further car- 
ries the semiconductor substrate which has under- 
gone the processing in said natural oxide film re- *o 
moving apparatus from said third processing cham- 
ber to the processing chamber inside the case wall 
that said apparatus for film formation of the gate in- 
sulator has ; without exposing the semiconductor 
substrate to the oxidized atmosphere. 45 



50 



55 



13 



EP 1 326 271 A1 



18 



11 



13 



12 



16- 



15- 




M 



FIG. 1 




23a 



19a- 



31 



ii 

i: ^ 



FIG. 2A 



FIG. 2B 



14 



EP 1 326 271 A1 




T 



5 46 47 48 



FIG. 3 



C 



START 



51 TRANSFER INTO 

PROCESSING CHAMBER 



52 



53 



54 



FORM FIRST FILM 
(BASE LAYER) 

FORM SECOND FILM 
(HIGH DIELECTRIC 
CONSTANT FILM) 

TRANSFER OUT OF 
PROCESSING CHAMBER 



( END ) 



FIG. 4 



15 



EP 1 326 271 A1 



OPEN SHUTTER, 
ROTATE WAFER, AND 
IRRADIATE ULTRAVIOLET 
RAYS 

(FOR PREDETERMINED 
PERIOD OF TIME) 



( START ) 



SET WAFER TO 
61 PREDETERMINED 
^ TEMPERATURE AND 

.SET PROCESSING 

CHAMBER TO 
PREDETERMINED 

. PRESSURE AND 

ATMOSPHERE 



C ENP ) 

FIG. 5 



-62 



52 



£ 
c 

co 

CO 
LU 

u 

X 

h- 

-j 
u_ 

Q 
UJ 



0.9 



0-85 



0.8 



0.75 



0.7 



§ 0.65 



0.6 



• 
# 



20 40 60 80 100 

ULTRAVIOLET RAY INTENSITY [%] 



FIG. 6 



16 



EP 1 326 271 A1 




PROCESSING TIME (sec) 

FIG. 7 




0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 



OXYNITRIDE FILM THICKNESS ( nm) 

FIG. 8 



17 



EP 1 326 271 A1 



(" START ) 



71 SET WAFER TO 
_x PREDETERMINED 
, TEMPERATURE, 



REPEAT n TIMES 



73 



INTRODUCE FIRST SOURCE GAS 



74 



PURGE 



75 



INTRODUCE OXIDIZER 



76 



PURGE 



77 



INTRODUCE SECOND SOURCE 

GAS 



78 



PURGE 



79 



INTRODUCE OXIDANT 



80 



PURGE 



SET PROCESSING 
CHAMBER TO 
PREDETERMINED 
PRESSURE. AND 



72 OPEN SHUTTER 



c 



END 



3 



53 



FIG. 9 



18 



EP 1 326 271 A1 



91 92 



18 



11 



JZZ3L 



13 



12 





/" ,, """" fi 

: 15~ 


M 


14 ; 



16' 



FIG. 10 




108 



FIG. 11 



19 



EP 1 326 271 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP01/08000 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 H01L 21/336, H01L 29/78 



According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int. CI 7 H01L 21/336, H01L 29/78, H01L 21/314-318, H01L 21/31, C23C16/30-40 



Documentation searched other man minimum documentation to the extent that such documents are included in the Gelds searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2001 

Kokai Jitsuyo Shinan Koho 1971-2001 Jitsuyo Shinan Toroku Koho 1996-2001 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
INSPEC (DIALOG) : (ZrO or HfO or TaO or AlO or TiO or BST STO) and MOS 
JICST FILE (JOIS) : (zirconium oxide+tantalutn oxide) *gate (in Japanese) 



C. DOCUMENTS CONSIDERED TO DE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


US 6020024 A {Motorola, Inc .) , 


1-4,8,12,13-19 




01 February, 2000 (01.02.00), 






column 2, line 59 to column 4, line 14 




Y 


& JP 11-126902 A, Par. Nos. [0015] to [0019] 


5-7,9-11,20-26 


X 


Journal of Applied Physics, Vol.87, No. 12, 15 June, 2000, 


1-4,12-18 


Y 


pages 8615 to 8620 


5-11,19-26 




Full text 




X 


Journal of Applied Physics, Vol.86, No. 11, 


1-4,12-18 




01 December, 1999, pages 6462 to 6467 




Y 


Full text 


5-11, 19-26 


X 


1998 International Symposium on Electrical Insulating 


1-4,12-18 




Materials, (Proceedings) , 01 September, 1998, pages 131 






to 134 




Y 


Full text 


5-11,19-26 


Y 


JP 9-148543 A (Toshiba Corporation) , 


1-8,12,13 




06 June, 1997 (06.06.97), 




A 


(Family: none) 


9-11,14-26 




Claims 1 to 3; Par. Nos. [0041), [0044] 





Further documents are listed in the continuation of Box C. Q See patent family annex. 



* Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
U E" earlier document but published on or after the international filing 

date 

"L" document which may throw doubts on priority clatm(s) or which is 
cited to establish the publication dale of another citation or o\ber 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 

"P" document published prior to the international filing date but later 
than the pricrity date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document u 
combined with one or more other such documents, such 
combination be ing obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
10 December, 2001 (10.12.01) 


Date of mailing of the international starch report 
18 December, 2001 (18.12.01) 


Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



21 



EP 1 326 271 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/08000 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



PX 
PY 



Journal of Vacuum Science & Technology B f Vol.18, No. 3, 
May/ June, 2000, pages 1742 to 1748; page 1744 , right 
column, line 10 to page 1745, right column, line 6 

JP 6-61448 A (Matsushita Electric Ind. Co., Ltd.), 
04 March, 1994 (04.03.94), 
(Family: none) 

Par. Nos. [0021] to [0025], [0017], [0019] 

US 5290609 A (Tokyo Electron, Limited) , 

01 March, 1994 (01.03.94), 

Full text 

& JP 5-267567 A 

Full text 

& KR 167570 B 

US 5695564 A (Tokyo Electron Limited) , 

09 December, 1997 (09.12.97), 

Figs. 1, 2, and their relevant descriptions 

& JP 8-111449 A 

Par. Nos. [0018) to [0044] 

& XR 172159 B 

JP 9-186108 A (Tokyo Electron, Limited), 

15 July, 1997 (15.07.97) , 
Par. Nos. [00101 to [0015] 
& KR 97052092 A 

1998 Symposium on VLSI Technology Digest of Technical 
Papers, ISBN : 0-7803 -4770-6 , pages 216 to 217 

International Electron Devices Meeting, (1999), 
I EDM Technical Digest, pages 327-330 

JP 2001-44140 A (Lucent Technologies Inc.), 

16 February, 2001 (16.02.01), 

Par. Nos. [0009] to [0019] (Family: none) 



1-26 

20- 24 
25,26 

20 

21- 26 

25,26 



25,26 

1-26 

1-26 

1-16 
17-26 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



22 



